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Animal Interferons, processes Involved in their production, compositions containing them, DNA sequences coding therefor 
and expression vehicles containing such sequences snd cells transformed thereby. 



@ The basis of this disclosure rests on the discovery, identifi- 
cation and isolation of a class of animal interferon polypeptides 
and to their production via recombinant DNA technology in all 
of its aspects including microbial and cad culture exploitation. 
A number of bovine interferons are illustrated as representative 
of the class. 
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ANIMAL IN TERFERONS , PROCESSES INVOLVED IN THEIR 
PRODUCTION , COMPOSITIONS CONTAINING THEM, DNA 
SEQUENCES CODING THEREFOR AND EXPRESSION VEHICLES 
CONTAININ G SUCH SEQUENCES AND CELLS TRANSFORMED 

THEREBY 



Field of the Invention 

The present invention relates generally to the field 
of recombinant DNA technology, to means and methods 
utilizing such technology in the discovery of a broad class 
of animal interferons and to the production thereof and to 
the various products of such production and their uses. 

More particularly the present invention relates to the 
isolation and identification of DNA sequences encoding 
animal interferons and to the construction of recombinant DNA 
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expression vehicles containing such DNA sequences operably 
linked to expression-effecting promoter sequences and to the 
expression vehicles so constructed. In another aspect, the 
present invention relates to host culture systems, such as 
5 various microorganism and vertebrate cell cultures transformed 
with such expression vehicles and thus directed in the 
expression of the DNA sequences referred to above. In yet 
other aspects, this invention relates to the means and methods 
of converting the novel end products of such expression to 
10 entities, such as pharmaceutical compositions, useful for the 
prophylactic or therapeutic treatment of animals. In 
addition, this invention relates to various processes useful 
for producing-said ONA sequences, expression vehicles, host 
culture systems and end products and entities thereof and to 
15 specific and associated embodiments thereof. 

The present invention arises in part from the discovery of 
the ONA sequence and deduced amino acid sequence encoding a 
series of bovine alpha interferons, including the 3'- an(T5'- 
flanking sequences thereof facilitating their in vitro linkage 
20 into expression vehicles. These discoveries, in turn, enable 
the development of the means and methods for producing, via 
recombinant D.NA technology, sufficient amounts of animal 
interferons, so as to enable, in turn, the determination of 
their biochemical properties and bioactivity, making possible 
25 their efficient production for commercial/biological 
exploitation. 

The publications and other materials hereof used to 
illuminate the background of the invention, and in particular 
cases, to provide additional details respecting its practice 
30 are hereby incorporated herein by this reference, and for 
convenience, are numerically referenced by the following text 
and .respectively grouped in the appended bibliography. 
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Background of the Invention 
A. Animal Interferons 

Interferon components have been isolated from tissues of 
various phylogenetic species lower than human (1,2,3). 

5 Activity studies conducted with these interferons have 
demonstrated varying degrees of antiviral effects in the 
requisite host animal (3,4,5,6). It also has been 
demonstrated that these interferons are not always species 
specific. For example, preparations of bovine interferons 

10 isolated from tissues, had antiviral activity on monkey and 
human cells (7). Likewise, human interferons have been found 
active in various cells of phylogenetical ly lower species 
(see 7). 

This species interactivity is doubtless due to a high 
15 degree of homologous conservation, both In amino acid 

composition and sequence, amongst the interferons. However, 
until now, this explanation remained theoretical because the 
amounts and purities of animal interferons that have been 
obtainable were insufficient to carry out unambiguous 
20 experiments on the characterization and biological properties 
of the purified components versus several of their human 
counterparts (8,9,10,11,12). 

In any event, despite these low amounts and purities, a 
causal connection between interferon and anti-viral activity 
25 In the requisite animal host has been established. Thus, the 
production of animal interferons in high yields and purities 
would be very desirable in order to initiate and successfully 
conduct animal bioassay experiments leading toward commercial 
exploitation in the treatment of animals for viral infections 
and malignant and immunosuppressed or immunodef icient 
conditions. In addition, the production of Isolated animal 
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intcrferon species would enable their characterization, both 
physical and bioactlve, and thus provide a basis for 
categorization and consequential comparative studies with 
counterpart numan interferon species (see 8 to 20). 

5 The studies done with animal interferons, until the 

present invention, being restricted to the use of rather crude 
preparations, due to their very low availability, nevertheless 
suggest very important biological functions. Not only have 
the class of animal Interferons a potent associated 

10 therapeutic antiviral activity, but also potential as a 

prophylactic adjunct with vaccine and/or antibiotic treatment, 
clearly pointing to very promising clinical and commercial 
candidates. 

It was perceived that the application of recombinant OKA 
15 technology would be a most effective way of providing the 

requisite larger quantities of animal interferons necessary to 
achieve clinical and commercial exploitation. Whether or not 
the materials so produced would include glycosyl ation which is 
considered characteristic of native derived material, they 
20 would probably exhibit bioactivity admitting of their use 
clinically in the treatment of a wide range of viral, 
neoplastic, and Immunosuppressed conditions or diseases in 
an imal s . 

25 8. Recombinant ONA Technology 

Recombinant DNA technology has reached the age of some 
sophistication. Molecular biologists are able to recombine 
various DNA sequences with some facility, creating new DNA 
entitles capable of producing copious amounts of exogenous 

30 protein product in transformed microbes. The general means 
and methods are in hand for the J_n vi tro ligation of various 
blunt ended or 'sticky" ended fragments of OilA, producing 
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potent expression vehicles useful in transforming particular 
organisms, thus directing their efficient synthesis of desired 
exogenous product. However, on an individual product basis, 
the pathway remains somewhat tortuous and the science has not 

5 advanced to a stage where regular predictions of success can 
be made. Indeed, those who portend successful results without 
the underlying experimental basis, do so with considerable 
risk of inoperabi 1 i ty. 

The plasmid, an extr achromosomal loop of double-stranded 

10 ONA found in bacteria and other microbes, oftentimes in 
multiple copies per cell, remains a basic element of 
recombinant ONA technology. Included in the information 
encoded in the plasmid DNA is that required to reproduce the 
plasmid in daughter cells (i.e., an origin of replication) and 

15 ordinarily, one or more phenotyplc selection characteristics 
such as, in the case of bacteria, resistance to antibiotics, 
which permit clones of the host cell containing the plasmid of 
interest to be recognized and preferentially grown in 
selective media. The utility of plasmids lies 1n the fact that 

20 they can be specifically cleaved by one or another restriction 
endonuclease or "restriction enzyme", each of which recognizes 
a different site on the plasmid ONA. Thereafter heterologous 
genes or gene fragments may be inserted into the plasmid by 
endwise joining at the cleavage site or at reconstructed ends 

25 adjacent to the cleavage site. Thus formed are so-called 
replicable expression vehicles. ONA recombination is 
performed outside the cell, but the resulting "recomolnant" 
replicable expression vehicle, or plasmid, can be introduced 
into cells by a process known as transformation and large 
quantities of the recombinant vehicle obtained by growing the 

30 transformant. Moreover, where the gene is properly inserted 
with reference to portions of the plasmid which govern the 
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transcription and translation of the encoded DNA message, the 
resulting expression vehicle can be used to actually produce 
the polypeptide sequence for which the Inserted gene codes, a 
process referred to as expression, 
5 Exoression is initiated in a region known as the promoter 
which is recognized by and bound by RMA polymerase. In the 
transcription phase of expression, the ONA unwinds, exposing 
it as a template for Initiated synthesis of messenger RNA from 
the 0,'IA sequence. The messenger RNA is, 1n turn, translated 
10 into a polypeptide having the amino acid sequence encoded by 
the mR:iA. Each amino acid is encoded by a nucleotide triplet 
or "codon" which collectively make up the "structural gene", 
i.e. that part which encodes the amino add sequence of the 
expressed polypeptide product. Translation is initiated at a 
15 -start" signal (ordinarily AT6, which in the resulting mes- 
senger RNA becomes AUG) . So-called stop codons define the end 
of translation and, hence, of production of further amino acid 
units. The resulting product may be obtained by lysing," if 
necessary, the host cell, in microbial systems, and recovering 
20 the 'product by appropriate purification from other proteins. 
In practice, the use of recombinant ONA technology can 
express entirely heterologous polypeptides— so-called direct 
expression— or alternatively may express a heterologous 
polypeptide fused to a portion of the amino acid sequence of a 
25homologous polypeptide. In the latter cases, the intended 
bloactlve product is sometimes rendered blolnactlve within the 
fused, homologous/heterologous polypeptide until It is cleaved 
in an extracellular environment (21, 22). 

30 C. Cell Culture Technology 

The art of cell or tissue cultures for studying genetics 
and .cell physiology Is well established. Means and methods 
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are in hand for maintaining permanent cell lines, prepared by 
successive serial transfers from isolate normal cells. For 
use in research, such cell lines are maintained on a solid 
support in liquid medium, or by growth in suspension 
5 containing support nutriments. Scale-up for large 

preparations seems to pose only mechanical problems (See 
generally 23,24) . 
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Summary of the Invention 

The present invention is based upon the discovery that 
recombinant DMA technology can be used to successfully produce 
animal interferons, and each of them, preferably in direct 
5 form, and in amounts sufficient to initiate and conduct 
clinical testing as prerequisites to market approval. The 
product is suitable for use, in all of its forms, in the 
prophylactic or therapeutic treatment of animals, notably for 
viral infections and malignant and immunosup pressed or 
10 immunodef icient conditions. Its forms Include various 
possible oligomeric forms which may include associated 
glycosylation as well as allelic variations of individual 
members or family units. The products are produced by 
genetically engineered microorganisms or cell culture 
15 systems. Thus, the potential now exists to prepare and 

isolate animal interferons 1n a more efficient manner than has 
been possible. One significant factor of the present 
invention, in its most preferred embodiment, is the 
accomplishment of genetically directing a microorganism or 
20 cell culture to produce a representative animal interferon, 
bovine interferon, in isolatable amounts, produced by the host 
cell in mature form. 

The present invention comprises the animal interferons 
thus produced and the means and methods of their production. 
25 The present Invention is further directed to replicable DMA 
expression vehicles harboring gene sequences encoding animal 
interferons in exoressible form. Further, the present 
invention is directed to microorganism strains or cell 
cultures transformed with the expression vehicles described 
30 above and to fermentation media comprising such transformed - 
strains or cultures, capable of producing animal Interferons. 
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In still further aspects, the present invention is 
directed to various processes useful for preparing said 
interferon gene sequences, DHA expression vehicles, 
microorganism strains and cell cultures and to specific 

5 embodiments thereof. Still further, this invention is 

directed to the preparation of the fermentation media of said 
microorganisms and cell cultures. Further, in certain host 
systems, vectors can be devised to produce the desired animal 
interferon, secreted from the host cell in mature form. The 

10 interferon containing the signal sequence derived from the 
S'-flanking region of the gene proper is believed to be 
transported to the cellular wall of the host organisms where, 
aiding in such transport, the signal port ion 1s cleaved during 
the secretion process of the mature interferon product. This 

15 embodiment enables the Isolation and purification of the 
intended mature interferon without resort to involved 
procedures designed to eliminate contaminants of Intracellular 
host protein or cellular debris. 

In addition, this invention is specifically directed to 

20 the preparation of a bovine Interferon representative of the 
class of animal Interferons embraced herein, produced by 
direct expression in mature form. 

Reference herein to the expression "mature animal 
interferon- connotes the microbial or cell culture production 

25 of animal interferon unaccompanied by the signal peptide or 
presequence peptide that immediately attends translation of 
the animal interferon mRNA. Mature animal interferon, 
according to the present invention, is thus provided, having 
methionine as Its first amino acid {present by virtue of the 

30 ATG start signal codon insertion in front of the structural 
gene) or, where the methionine Is intra- or ex tr acell u 1 ar ly 
cleaved, having its normally first amino acid. Mature animal 
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interferon can also be produced, in accordance herewith, 
together with a conjugated protein other than the conventional 
signal polypeptide, the conjugate being specifically cleavable 
in an intra- or extracellular environment (see 21). Finally, 
the mature animal interferon can be produced by direct 
expression without the necessity of cleaving away any 
extraneous, superfluous polypeptide. This is particularly 
imoortant where a given host may not, or not efficiently, 
remove a signal peptide where the expression vehicle is 
designed to express the mature interferon together with its 
signal peptide. The thus produced mature Interferon is 
recovered and purified to a level fitting it for use in the 
treatment of viral, malignant, and ttnrauno'suppressed or 
immunodef i cient conditions. 

Animal Interferons hereof are* those otherwise endogenous 
to the animal organism including, 1n nomenclature analogous to 
human interferons, animal alpha (leukocyte), beta (fibroblast) 
and gamma (immune) interferons. All three series have been 
identified In an animal model. Further, based upon the bovine 
example, the animal alpha series is composed of a family of 
proteins as in the human case; those investigated have a lower 
degree of homology to the corresponding human alpha 
interferons than either those animal Interferons have amongst 
themselves or the human alpha interferons have amongst 
themselves. In addition, the bovine beta series Is composed 
of a family of proteins, distinct from the human case. In 
addition, this invention provides interspecies and intrafamlly 
hybrid interferons, by taking advantage of common restriction 
sites within the genes of the various animal Interferons 
hereof and recombinlng corresponding portions, according to 
known methods (see 57). 
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In any event, the animal interferons embraced by this 
invention include those normally endogenous to animals of the 
avian, bovine, canine, equine, feline, hlrcine, ovine, 
piscine, and porcine families. In particular, the present 

5 invention provides Interferons of cloven-hooved animals such 
as cattle, sheep and goats. The Interferons provided by this 
invention find application as antiviral and antitumor agents 
in the respective host animal. For example, bovine 
Interferons would find practical applications in treating 

10 respiratory complex in cattle, either in conjunction with 

(per se known) antibiotics as a therapeutic component or with 
vaccines as a prophylactic component. Class utility, 
demonstrated as described above, would extend to other bovine, 
and to goats, sheep, pigs, horses, dogs, cats, birds and 

15 fish. In horses, dogs, cats and birds, the antitumor effect 
of the corresponding interferons could be expected to be 
especially important comraerc i al ly. 

The following rationale, described with reference to 
bovine interferon as a representative of the class, may be 

20 employed for obtaining animal Interferons hereof, in 
accordance with this invention: 

1. Bovine tissues, for example bovine pancreas tissue, 
were reduced to frozen powder and treated to digest 

25 RNA and protein materials and provide, on 

precipitation, high molecular weight bovine ONA. 

2. The high molecular weight ONA was partially digested 
for random cutting with respect to gene locus. 

30 

3. The resultant ONA fragments were size-fractionated 
giving from 15 to 20 kilo base pair fragments. 
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The resultant fragments of Step 3 were cloned using a 
x Charon 30 phage vector. 

The thus prepared vectors were packaged in vitro to 
Infectious phage particles containing rDNA to provide 
a phage library. This was amplified by propagation 
on bacterial cells to about 10 6 fold. The phage 
were plated to virtual confluence on a lawn of 
bacteria and screened for hybridization with a 
radioactive human interferon probe. 

From the appropriate clones the corresponding DNA was 
isolated and restriction mapped and analyzed by 
Southern hybridization. Restriction fragments 
containing bovine interferon genes were subcloned 
into plasmid vehicles and then sequenced. 

The sequenced DNA was then tailored \n vitro for 
insertion into an appropriate expression vehicle 
which was used to transform an appropriate host cell 
which was, in turn, permitted to grow fn a culture 
and to exDress the desired bovine Interferon product. 

Bovine interferon thus produced has 166 amino acids 
in its mature form, beginning with cysteine, and 23 
in the presequence, and is very hydrophobic in 
character. Its raonomeric molecular weight has been 
.calculated at about 21,409. It displays 
characteristics similar to human leukocyte 
Interferons (8,9,10,11) and has been found to be 
about 60 percent homologous to a human leukocyte 
interferon. 
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Description of Preferred Embodiments 

A. Ml croorganisras/Cel 1 Cultures 

I. Bacterials Str a i ns/Promoters 
5 The work described herein was performed employing, 

i nter alia , the microorganism E. col 1 K-12 strain 294 (end A, 
thi", hsr~, k hsm + ) (25). This strain has been 
deposited with the American Type Culture Collection, ATCC 
Accession Mo. 31446. However, various other microbial strains 
10 are useful, Including known E. col 1 strains such as I. col 1 8, 
E. coll X 1776 (ATCC No. 3L537) and E. coU W 3110 (F~, 
x*, protrophic) (ATCC No. 27325), E. coif DP~50 SuPF (ATCC 
No. 39061, deposited March 5, 1932), E. coli JK83 (ATCC No. 
39062, deposited March 5, 1982) or other microbial strains 
15 many of which are deposited and (potentially) available from 
recognized microorganism depository institutions, such as the 
American Type Culture Collection (ATCC) — cf . the ATCC 
catalogue listing (See also 25, 26a). These other 
microorganisms Include, for example. Bad 11 1 such as Bad 1 lus 
20 subt 1 1 1 s and other enterobacter 1 aceae among which can be 
mentioned as examples Salmonella tyohiaurlum and Serrati a 
marcssans , utilizing plasmids that can replicate and express 
heterologous gene sequences therein. 

As examples, the beta lactamase and lactose promoter 
25 systems have been advantageously used to Initiate and sustain 
microbial production of heterologous polypeptides. Details 
relating to the make-up and construction of these promoter 
systems can be obtained by reference to (27) and (28). More 
recently, a system based upon the tryptophan operon, the 
30 so-called trp promoter system, has been developed. Oetails 
relating to the raako-up and construction of this system have 
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besn published by Goeddel et aK (12) and Kleld et aK (29). 
Numerous other microbial promoters have been discovered and 
utilized and details concerning their nucleotide sequences, 
enabling a skilled worker to 1 i gate them functionally within 
5 plasmid vectors, have been published — see (30). 

2. Yeast Strains/Yeast Promoters 
The expression system hereof may also employ the 
plasmid YR P 7 (31, 32, 33), which is capable of selection and 

10 replication in both £. coli and the yeast, Saccharomyces 

cerevisiae . For selection in yeast the plasmid contains the 
T*?l gene (31 , 32 , 33) which complements (allows 'for growth in 
the absence of tryptophan) yeast containing mutations in this 
gene found on chromosome IV of yeast (34). One useful strain 

15 is strain RH218 (35) deposited at the American Type Culture 
Collection without restriction (ATCC No. 44076). However, it 
will be understood that any Saccharomyces cerevisiae strain 
containing a mutation which makes the cell trpl should be an 
effective environment for expression of the plasmid containing 

20 the expression system. An example of another strain which 
could be used Is pep4-l (36). This tryptophan auxotroph 
strain also has a point mutation in TRP 1 gene. 

When placed on the 5' side of a non-yeast gene the 
S'-flanking ONA sequence (promoter) from a yeast gene, (for 

25 alcohol dehydrogenase 1) can promote the expression of a 
foreign gene in yeast when placed In a plasmid used to 
transform yeast. Besides a promoter, proper expression of a 
non-yeast gene in yeast requires a second yeast sequence 
placed at the 3'-end of the non-yeast gene on the plasmid so 

30 as to allow for proper transcription termination and 

polyadenyl ation In yeast. This promoter can be suitably 
employed in the present invention as well as others — see 

02231 



0088622 



-15- 



jn/ra. In the or-ferred embodiments, the S'-flanklng sequence 
of the yeast 3-phosphoglycerate kinase gene (37) Is placed 
upstream from the structural gene followed again by ONA 
containing termination - po lyadenyl atlon signals, for example. 

S the TRP1. (31, 32. 33) gene or the PGK (37) gene. 

Because yeast 5'-flank1ng sequence (In conjunction 
with 3- yeast termination ONA) (jnfra) can function to promote 
expression of foreign genes in yeast. It seems likely that the 
5'-f1anking sequences of any highly-expressed yeast gene could 

10 be used for the exoression of important gene products. Since 
under some circumstances yeast expressed up to 65 percent of 
its soluble protein as glycolytic enzymes (38) and since this 
high level appears to result from the production of high 
levels of the individual mSHAs (39). It should be possible to 

IS use the S'-flanking sequences of any other glycolytic genes 

for such expression purposes - e.g.. enolase. glyeeraldehyde - 
3-phosphate dehydrogenase, hexokinase. pyruvate decarboxylase, 
phosphofructokinase, glucose - 6-phosphate isomerase. 
3-phosphoglycerate mutase, pyruvate kinase, triphosphate 

20 isomerase. phosphoglucose isomerase. and glucoklnase. Any of 
the 3'-flankin 9 sequences of these genes could also be used 
for prooer termination and mRNA polyadenylation in such an 
expression system - cf. Supra . Some other highly expressed 
genes are those for the acid phosphatases (ao) and those that 

25 express high levels of production due to mutations in the 
S'-flanking regions (mutants that Increase expression) - 
usually due to the presence of a TY1 transposable element (41). 

All of the genes mentioned above are thought to be 
transcribed by yeast RNA polymerase II (41). It is possible 

30 that the promoters for RNA polymerase I and 111 which 

transcribe genes for ribosomal RNA. 5S RNA, and tRNAs (41, 
42), may also be useful in such expression constructions. 
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Finally, many yeast promoters also contain 
transcriptional control so they nay be turned off or on by 
variation in growth conditions. Some examples of such yeast 
promoters are the genes that produce the following proteins: 
5 Alcohol dehydrogenase II, isocytochrorae-c , acid phosphatase, 
degradative enzymes associated with nitrogen metabolism, 
glycerol dehyde -3-phosphate dehydrogenase, and enzymes 
responsible for maltose and galactose utilization (39). Such 
a control region would be very useful in controlling 
10 expression of protein product - especially when their 

production 1s toxic to yeast. It should also be possible to 
put the control region of one S'-flanklng sequence with a 
5'-flanking sequence containing a promoter from a highly 
expressed gene. This would result In a hybrid promoter and 
15 should be possible since the control region and the promoter 
appear to be physically distinct ONA sequences. 

3. Cell Culture Systems/Cell Culture Vectors 
Propogatlon of vertebrate cells in culture (tissue 
20 culture) has become a routine procedure in recent years (see 
43). The C0S-7 line of monkey kidney fibroblasts may be 
employed as the host for the production of animal interferons 
(44). However, the experiments detailed here could be 
performed in any cell line which is capable of the replication 
25 and expression of a compatible vector, e.g., WI38, BHK, 3T3, 
CHO, YERO, and HeLa cell lines. Additionally, what 1s 
required of the expression vector Is an origin of replication 
and a promoter located in front of the gene to be expressed, 
along with any necessary rtbosome binding sites, RMA splice 
30 sites, polyadenylation site, and transcriptional terminator 
sequences. While these essential elements of SV40 have been 
exploited herein, it will be understood that the invention, 
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althougn described herein In terns of a preferred erabod i.uent, 

should not be construed as limited to these sequences. For 

example, the origin of replication of other viral (e.g.. 
Polyoma, Adeno, YSV, 8PV, and so forth) vectors could be used, 

5 as well as cellular origins of OHA replication which could 
function in a nonintegrated state. 

B. Vector Systems 

1. Oirect Expression of Mature Bovine Interferon in 
10 E^ coll 

The procedure used to obtain direct expression of 
bovine interferon in E. col i as a mature interferon 
polypeptide {minus signal sequence) Involved the combination 
of a plasmid containing a promoter fragment and translational 
15 start signal with a tailored fragment of animal genomic DMA 
that contained the coding region for the mature interferon. 

2. Expression In Yeast 

To express a heterologous gene such as the DNA for 
20 animal interferon in yeast, it is necessary to construct a 
plasmid vector containing four components. The first" 
component is the part which allows for transformation of both 
£• co1 * and yeast and thus must contain a selectable gene from 
each organism, such as the gene for ampicinin resistance from 
25 i' coli and the 9ene TRP1 from yeast. This component also 
requires an origin of replication from both organisms to be 
maintained as a plasmid DNA in both organisms, such as the 
E. coll origin from pBR322 and the a£sl origin from chromosome 
I II of yeast. 

30 The second component of the plasmid 1s a 5'-flanxing 

sequence from a highly expressed yeast gene to promote 
transcription of a downstream-placed structural gene, such as 
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th.? S'-Manking sequence used is that from the yeast 
3-phosphoglycerate kinase (PGK) gene. 

The third component of the system is a structural 
gene constructed in such a manner that it contains both an ATG 
5 transnational start and transnational stop signals. The 

isolation and construction of such a gene is described infra . 

The fourth component is a yeast OHA sequence 
containing the 3'-flanking sequence of a yeast gene, which 
contains the proper signals for transcription termination and 
10 polyadenyl ation. 

3. Expression in Mammalian Cell Culture 
The strategy for the synthesis of Immune interferon 
in mammalian cell culture relies on the development of a 

15 vector capable of both autonomous replication and expression 
of a foreign gene under the control of a heterologous 
transcriptional unit. The replication of this vector in 
tissue culture can be accomplished by providing a ONA 
replication origin (derived from SV40 virus), and providing 

20 helper function (T antigen) by the introduction of the vector 
into a cell line endogenously expressing this antigen (46, 
47). The late promoter of SV40 virus preceded the structural 
gene of interferon and ensured the transcription of the gene. 
A useful vector to obtain expression consists of 

25 p3R322 sequences which provides a selectable marker for 

selection in E. col i (ampicillin resistance) as well as an 
Z. coli origin of ONA replication. These sequences are 
derived from the plasmid pML-1 (46) and encompasses the region 
spanning the EcoRI and Bam HI restriction sites. The SV40 

30 origin is derived from a 342 base pair Pvu II- Hi nd l 1 1 fragment 
encompassing this region (48, 49) (both ends being converted 
to EcoRI ends). These sequences, in addition to comprising 
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th c viral origin of D*IA replication, encode the promoter for 
both the early and late transcriptional unit. The orientation 
of the SV40 origin region is such that the promoter for the 
late transcriptional unit is positioned proximal to the gene 
5 encoding interferon. 

Brief Description of the Drawings 

Figure 1 depicts a Southern hybridization of (a) human, 
(b) bovine and (c) porcine genomic DNAs digested with EcoRI 
10 and hybridized at different formamide concentrations with a 
32P-1 abel led 570 base-pair EcoRI fragment containing the 
coding region of the human leukocyte interferon A/D hybrid. 
The hybridization at 20 percent formamide gives the clearest 
pattern of the mutigene bovine and porcine leukocyte 
IS interferon gene families. 

Figure 2 depicts a Southern hybridization of four 
different bovine genomic 0NA phage recombinants digested with 
EcoRI , BamHI or Hindi II and hybridized with a 32 P-labelled 
human leukocyte gene probe. Clone 83 yields two hybridizing 
20 fragments with each restriction enzyme. 

Figure 3A shows a portion of the nucleotide sequence from 
the plasmtd subclone p838amHll .9kb as well as the deduced 
amino acid sequence for the bovine leukocyte interferon coded 
therein. The signal peptide is represented by amino add 
25 residues SI through S23. 

Figure 3B shows the nucleotide sequence and deduced amino 
acid sequence for a second bovine leukocyte Interferon («2) 
from the plasmid subclone p67£coRl 3.2 kb. 

Figure 3C shows the complete mature nucleotide sequence 
30 and deduced amino acid sequence for a third bovine leukocyte 
interferon («3) from the plasmid subclone p35EcoRI -BamHI 3.5 
kb. 
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figure 30 shows the nucleotide sequence and deduced amino 
acid sequence for a fourth bovine leukocyte interferon hereof 
from the plasmid subclone p33EcoRl-8amHl 2.9 kb. The signal 
is represented by amino acid residues SI to S23. The mature 
5 protein comprises 172 amino acid residues. It is noted that 
the last stretch of six amino acid residues is attributed to a 
nucleotide base change at position Sll which allows six 
additional translatable codons before the next in phase stop 
signal. 

10 Figure 4 compares the amino acid sequences of BoIFH-ol, 
a2, o3 and n4 with the sequences for 11 known human leukocyte 
interferons. Also given are the amino acids conserved among 
all human leukocyte interferons, all bovine leukocyte 
interferons, and with respect to bovine al and b4, positions 

15 where homology with the majority of human leukocyte 
interferons occur. 

Figure 5 is a schematic diagram of the construction of the 
bovine leukocyte interferon expression plasmid 
pBolFN-oltrp55. The starting materials are the trp expression 

20 vector pdeltaRIsrc and the 8amHI fragment from the plasmid 
subclone p833amH 11 .9kb. 

Figure 6 depicts a Southern hybridization of bovine DNA 
digested with either EcoRI, Hindi 1 1 , BamHI, Bglll and PvuII 
with a radioactive probe prepared from BoIFN-al or 8olFN-a4 

25 gene fragments. Each [FN gene preferentially hybridizes with 
a distinct subfamily of BoIFN-a genes. 

Figure 7 shows a restriction map of the genomic bovine DMA 
inserts from three phage recombinants which hybridize the 
human fibroblast human Interferon gene probe. The location 

30 and orientation of each BolFN-e is indicated by the black 

rectangle. Restriction sites marked by an asterisk represent 
partial restriction mapping information. 
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Figure 3 shows a finer resolution restriction nap for the 
three genes referenced in Figure 7. Hatching represents the 
signal sequence; shading, the mature sequence. 

Figures 9a, 9b and 9c depict the nucleotide and deduced 
amino acid sequences for the BoIFN-sl, 2 and 3 genes. 

Figure 10 compares the amino acid sequences for the three 

BoIFN-3S with HuIFN-3. 

Figure 11 1s a Southern blot of Figure 6 rehybridized with 
a BoIFH-sl gene probe under conditions in which only a single 
hybridizing fragment would, in general, become apparent when 
performing an analogous experiment with human genomic DNA and 
the HulFN-3 gene (9). 

Figure 12 schematically depicts the strategy used to 
express all three 8oIFN-bs under control of the trp operon of 
E. col i . 

Figure 13 gives the comparison of the deduced amino acid 
sequences of BoIFN- t , HuIFN- T and murine IFN- Y . 

Oetailed Description 

The following detailed description Is illustrative of the 
invention for the preparation, via recombinant ONA technology, 
of the various animal interferons embraced, and sets forth 
generally applicable methodology for the preparation of 
particular, bovine leukocyte Interferons. The method Is 
described with respect to a bacterial system. 

A. Isolation of Bovine ONA 

For the purpose of constructing an animal gene library, 

high molecular weight OH A was Isolated from animal tissue by a 
modification of the Bl in and Stafford procedure (50), randomly 

fragmented with respect to gene locus, and size fractionated 

to obtain 15-20 kilobase fragments for cloning into a lambda 
phage vector (51) . 
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Frozen tissue, for example bovine pancreas, was ground to 
a fine po-.fder in liquid nitrogen and solubillzed in 0.25 M 
EDTA, 1 percent Sarkosyl, 0.1 mg/ral Proteinase K (25 ml/gram 
tissue) at 50 *C for 3 hours. The viscous solution obtained 
5 was deproteinized by three phenol and one chlorofornr 

extractions, dialysed against 50 mM Tris-HCl (pH8), 10 mM 
EDTA, 10 mM NaCl and digested with heat-treated pancreatic 
ribonuclease (0.1 mg/ml) for 2 hours at 37*C. After phenol 
and ether extraction, the 0NA was precipitated with two 

10 volumes of ethanol washed in 95 percent ethanol, lyophilized 
and redissolved in TE buffer (10 mH Tris-HCl (pH 7.5), 1 mH 
E0TA) overnight at 4*C at a final concentration of 1-2 mg/ml. 
The final DHA preparation was greater than 100 kilobases in 
length as determined by electrophoresis on a 0.5 percent 

15 neutral agarose gel. 

8. Partial Endonuclease Digestion and Size Fractionation 
of Qovine ONA 

Aliquols (0.1 mg) of bovine ONA were digested with 1.25, 
20 2.5, 5 and 10 units of Sau3A at 37*C for 60 minutes in a 
reaction (1 ml) containing 10 mH Tr1s-HCl (pH 7.5), 10 mH 
HgC12, 2 mM di thiothrei tol . Incubations were stopped by 
adding EOTA to 25 mM, phenol and ether extracted, made 0.3 M 
in sodium acetate (pH 5.2) and precipitated with 3 volumes of 
25 ethanol. The ONA was redissolved In TE buffer at 63 # C and 
sedimented through a 10-40 percent linear sucrose gradient 
(51) In a 8eckman SW 27 rotor at 27,000 rpra for 22 hours at 
20*C. Fractions (0.5 ml) were analyzed on a 0.5 oercent gel 
using Eco Rl-digested Charon 4A (51a) ONA as a molecular 
30 weight standard. Those fractions containing 15-20 kllobase 
ONA fragments were combined, precipitated with ethanol and 
redissolved in TE buffer. 
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C. Construction of the 3ov1ne Genomic OMA Library 
The 15-20 Sc b bovine ONA nonllmit digest was cloned into a 
lambda Charon 30 A vector (52) having G-A-T-C sticky ends 
generated by removal of the two interna! Sam HI fragments of 
5 the phage. Charon 30 A was grown in E. col 1 strain 0? 50 Sup? 
(ATTC Ho. 39061, deposited March 5, 1982) in NZYDT broth, 
concentrated by polyethylene glycol precipitation and purified 
by CsCl density gradient centr i f ugation (53). Phage ONA was 
prepared by extracting the purified phage twice with phenol, 
10 once with phenol and ether, and concentrating the ONA by 
ethanol precipitation. 

For preparation of the end fragments of Charon 30A, 50 
micrograms of phage DNA was annealed for 2 hours at 42 * C in 
0.25 ml of 50 mH Tris-HCl (pH 8), 10 raM MgC12 and 0.15 H HaCI, 
15 digested to completion with 8am HI, phenol and ether 

extracted, and sedimented through a 10 to 40 percent sucrose 
gradient as described above. Fractions containing the 32 kb 
annealed arms of the phage were combined and ethanol 
precipi tated. 

20 The purified Charon 30 A arras (o micrograms) were 

reannealed at 42 *C for 2 hours, combined with 0.3 micrograms 
of 15-20 kb bovine ONA an 400 units of phage T4 polynucleotide 
ligase and Incubated overnight at 12*C in a 0.075 ml reaction 
containing 50 mM Tris-HCl (pH 7.5), 10 mH MgCl2, 20 mH 
25 di thiothreitol and 50 ml crograms/ml bovine serum albumin. The 
ligated ONA mixture was then packaged into mature lambda phage 
particles using an J_n vi tro lambda packaging system (54). 

The components of this system-sonic extract (S£), 
freeze-thaw lysate (FTL) , protein A, and buffers A and Hl-were 
30 prepared as described (54). Three microliter allquots of the 
ligated ONA mixture were incubated with 15 microliters of 
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Buffer A, 2 microliters of Buffer HI, 10 microliters of St and 
1 microliter of protein A for 45 minutes at 27*C. The FTl was 
thawed on ice for 45 minutes, combined with 0.1 volumes of 
Buffer HI, centrifuged at 35,000 rpm at 4*C for 25 minutes, 
5 and 0.075 ml aliquots of the supernatant 'were added to the 

above reaction. After an additional 2 hours of incubation at 
27*C, a small aliquot of the packaging- reaction was titered on 
strain D? 50 SupF, supra . This procedure yielded a total of 

approximately l.lxiO 6 Independent bovine ON A recombinants. 
10 The remainder of the packaging mixture was amplified by a 

plate-lysate method (52) by plating out the recombinants on OP 

50 SupF at a density of 10,000 plaque-forming units per 15 cm 

NZYOT agar plate. 

15 0. Screening of the Phage Library for Bovine Interferon 

Genes 

The strategy used to identify phage recombinants carrying 
bovine interferon genes consisted in detecting nucleotide 
homology with radioactive probes prepared from cloned human 
20 leukocyte (8,9), fibroblast (12) and immune (55) interferon 
genes. Hybridization conditions were established with 
Southern blots (56) of genomic animal ONA. Five micrograms 
each of high molecular weight ONA (prepared as described 
above) from human placenta, bovine pancreas and pig 
25 submaxillary gland were digested to completion with £co Rl, 
electrophoresed on a 0.5 percent agarose gel and transferred 
to nitrocellulose paper (56). A 32P-labelled ONA probe was 
prepared from a 570 base-pair Eco Rl fragment containing the 
protein coding region of the mature human leukocyte interferon 
30 A/0 hybrid at the Bgl II restriction site (57) by standard 

procedures (58). Each nitrocellulose filter was prehybr idized 
at 42*C overnight in SxSSC (56), 50 mM sodium phosphate (pH 
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5.5), 0.1 mg/al sonicated salmon sperm OH A, 5x Denhardt's 
solution (59), 0.1 percent sodium dodecyl sulfate, 0.1 percent 
sodium pyrophosphate that contained either 10 percent, 20 

percent, or 30 percent formamide, and then hybridized with 

s 

5 100x10 counts per minute of the labelled probe in the same 
solution containing 10 percent sodium dextran sulfate (60). 
After an overnight incubation at 42*C, the filters were washed 
4 tines in 2xSSC, 0.1 percent SOS at room temperature, once in 
2xSSC and then exposed to Kodak XA-5 x-ray film with Oupont 

10 Cronex intensifying screens overnight. As seen in Figure 1, a 
number of hybridizing bands are most readily detected in the* 
bovine and porcine ONA digests when 20 percent formamide is 
present in the hybridization. This result provides evidence 
for a multigene family of leukocyte interferon genes in cow 

15 and pig analogous to that previously demonstrated in humans 
(12,61). The same hybridization conditions were therefore 
employed to screen for interferon genes in the bovine ONA 
library. 

500,000 recombinant phage were plated out on OP 50 Supf at 
2o a density of 10,000 pfu/15 cm plate, and duplicate 

nitrocellulose filter replicas were prepared for each plate by 
the method of Benton and Davis (62). The filters were 
hybridized with the human LeiF gene probe as described above. 
Ninety-six duplicate hybridizing plaques were obtained which 
25 gave strong signals upon repeated screening. 

The bovine library was further screened for fibroblast and 
immune interferon genes. Probes were made from a 502 
base-pair Xba I-8g1 III fragment containing the entire mature 
human fibroblast interferon gene (12), and a 313 base-pair Alu 
30 I fragment (containing amino acids 12-116) and 190 base-pair 
Mbo U fragment (containing amino adds 99-162) from the 
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mature coding region of the human Immune interferon gene 
(55). Hybridization of 1.2 x 10* recombinant phage yielded, 
a total of 26 bovine fibroblast and 10 bovine immune 
interferon clones. 

E. Characterization of the Recombinant Phage 
Phage 0'1A was prepared (as described above) from 12 
recombinants which hybridized with the human leukocyte 
interferon probe. Each DMA was digested singly and in 
combination with Eco Rl , 8am HI and Hind III, el ectrophoresed 
on a 0.5 percent agarose gel and the location of the 
hybridizing sequence mapped by the Southern method (56). A 
comparison of singly digested ONA from clones 10, 35, 78 and 
83 is shown in Figure 2. For each phage the sizes of 
restriction fragments observed as well as the corresponding 
hybridization pattern is distinct and nonoverlapping t 
suggesting that each of these four phage carry a different 
bovine interferon gene. In addition, digestion of clone 83 
with each of the three enzymes yields in each case two 
discrete hybridizing bands, indicating that this recombinant 
may carry two closely linked Interferon genes. 

F. Subcloning of the 8ovine leukocyte Interferon Genes 
Restriction fragments from three of the recombinant phage 
which hybridized with the human leukocyte gene probe were 
subcloned into the multiple restriction enzyme cloning site of 
the pBR322 derivative, pUC9. The plasmid pUC9 was derived 
from pBR322 by first removing the 2,067 base-pair EcoRI-PvulI 
fragment containing the tetracycline resistance gene, then 
Inserting a 425 base-pair Haell fragment from the phage H13 
derivative mP9 (62a) Into the Haell site of the resulting 
plasmid at position 2352 (relative to the p8R322 notation). 



0223L 



0088522 



-27- 

The Haell fragment from rap9 contains the N-terminal coding 
region of the Z. coil lad gene in which a multi-restriction 
enzyme cloning site of the sequence, CCA AGC TTG GCT GCA GGT 
CGA CGG ATC CCC GGG, has been inserted between the 4th and 5th 

5 .amino acid residues of s-gaVactosidase. Insertion of a 
foreign ON A fragment into these cloning sites disrupts the 
continuity between the Uc promotor and VacZ gene f thus 
altering the phenotype of a JM83 transformed with the plasmid 
from lac to lac". 

10 The fragments referred to above were: (a) a 1.9 Jcb 8am HI 

fragment and 3.7 kb EcoRI fragment from clone 83 (which 
corresponds to nonover 1 applng segments of the same 
recombinant), (b) a 3.5 kb 8amHI-EcoRI fragment from clone 35, 
and (c) a 3.2 kb EcoRl fragment from clone 67. In each case, 

15 0.1 micrograms of the appropriately digested vector was * 

ligated with a tenfold molar excess of the purified fragment, 
transformed into E. coli strain JH83 (ATCC No. 39062, 
deposited March 5, 1982), plated out onto M9 (63) plates 
containing 0.04 rag/ral 5-bromo-4-chloro-3-indolyl-a-D- 

20 galactoside and 0.2 rag/ml ampidllin. White colonies, which 
presumably carry a ONA insert at a restriction site 
interrupting the coding region of the lacZ gene on pUC9, were 
picked into 5 ml of LB broth plus 0.02 mg/ml amplcillin, grown 
for several hours at 37*C, and screened for the inserted 

25 fragment by a plasraid ONA min 1 preparatl on procedure (64). 

G. ONA Sequence of a Bovine Leukocyte Interferon Gene on 
Clone 83 

The ONA sequence extending from th Sam HI site of 
30 pS30amHIL.9kb (the 1.9 kb fragment subclone of clone 83) was 
determined by the Maxatn-Gi Ibert chemical procedure (65), and 
is presented in Figure 3. The longest open reading frame 
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encodes a polypeptide of 189 amino acids with significant 
homology to the human leukocyte Interferons (Figure 4). By 
analogy with the human proteins, the bovine leukocyte 
Interferon consists of a hydrophobic 23 amino acid signal 

5 peptide which precedes a 166 amino acid mature protein by an 
identical sequence, ser-leu-gly-cys. Four cysteine residues 
at positions 1, 29, 99 and 139 are exactly conserved between 
species. A pairwise homology comparison between the bovine 
and human interferons is shown in Table I. As may be 

10 expected, the bovine protein is significantly less homologous 
(approximately 60 percent) to each of the human proteins than 
the latter are to one another (greater than 80 percent). 

The DMA sequence and deduced amino acid sequence for three 
additional bovine leukocyte interferon genes occurring on the 

15 plasmid subclones p57EcoRI 3.2 kb, p35£coftI-3amHI 3.5 kb and 
p83EcoRI 3.7 kb are shown in Figures 38, 3C and 30, 
respectively. 

As summarized in Table 1, whereas the BoIFN-a2 and 3 genes 
encode peptides with only minor apparent differences to 
20 BoIFN-al, the BoIFN-a4 protein is as distinct from the other 
bovine peptides as are any two bovine and human leukocyte 
interferons. 

To ascertain whether the a4 gene derives from as broad a 
class of cellular proteins as the other BoIFN-aS, genomic 

25 bovine. 0NA was digested with several restriction endonucl eases 
and hybridized with radioactive 0HA fragments representing the 
protein coding regions of the ol (612 bp Avail fragment. 
Figure 6) and o4 (EcoRl-Xmnt fragment of pBolFN-o4 trpt 5 ) 
genes, under conditions of high stringency (50 percent 

30 formamide) that do not allow cross hybridization of the two 
genes. As seen in Figure 6, each gene preferentially 
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hybridlzes to a distinct set of bovine OHA fragments. These 
results together clearly demonstrate the existence of two 
different families of bovine leukocyte IFN peptides, of which 
the al and a4 proteins may be thought of as representative 
S members . 

Table 1 



10 Palrwise comparisons of differences 

in coding sequences of bovine and human IFN-aS 
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aA 
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al 
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BoIFN-a2 
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BoIFH-a3 
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BoIFH-a4 
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HuIFIi-aA 
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81 
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HuIFll-oB 
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48 
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77 


81 


83 


80 


79 


81 


20 


HuIFM-aC 
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57 


52 
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65 
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89 


86 
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HuIFil-aO 
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61 


65 
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81 


80 
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84 




HuIFM-aF 
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100 


65 
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83 




HulFH-aH 
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74 
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74 




84 


84 


84 




HuIFH-al 


61 
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52 


70 
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100 


65 


100 


74 




91 


81 


25 


HuIFU-oJ 


56 


52 


48 


61 


57 


91 


70 


91 


65 


91 




80 




HuIFH-aK 


52 


48 


48 


83 


70 


74 


91 


74 


91 


74 


65 





Numbers represent percentage homology 
Lower-left half represents 23 acid presequence 
Upper-right half represents 166 acid mature protein 
30 A,B,C, etc. are human leukocyte interferons A.B.C, etc. 
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H. Oirect Expression of Mature BoIFH-«l in E. coU 
The construction of the direct expression plasmid is 
summarized in Figure 5. The plasmid subclone p83BamHll.9kb 
was digested to completion with Ava II, and the 612 base-pair 

5 fragment containing the bovine leukocyte interferon gene 

isolated by electrophoresis on a 6 percent polyacryl amide gel 
and electroeluted. Approximately 1.5 micrograms of this 
fragment was digested with Fnu4H, phenol and ether extracted, 
and ethanol precipitated. The resulting Fnu4H sticky ends 

10 were extended to blunt ends with 6 units of DMA polymerase I 
(Klenow fragment) at 12*C for 30 minutes in 20 microliters 
containing 20 mH Tris-HCl (pH 7.5), 10 mH HgClj, 4 mH 
dithiothreitol and 0.1 mH each dATP, dGTP, dCTP and dTTP. 
After extraction with phenol and ether, -the DNA was digested 

IS with Pst I and electrophoresed on a 6 percent gel. The 

resulting 92 base-pair blunt end-P St I fragment which extends 
from the first nucleotide of the coding region for the mature 
bovine leukocyte interferon was electroeluted from the gel. 
The remainder of the mature coding region was isolated as 

2" follows. Three micrograms of the Bam HI insert of 

p83BamHI1.9kb was partially digested with 14 units of Pst I 
for 10 minutes at 37'C in a 45 microliter reaction containing 
10 mH Tris-HCl ( P H 7.5), 10 mH HgCl 2 , 2 mH di thiotrei tol . 
and extracted with phenol and ether. The desired 1440 

2S base-pair partial Pst I-Bam HI fragment extending from 

nucleotide 93 of the mature coding region was Isolated from a 
6 percent polyacryl amide gel. 

The plasmid pdeltaRtsre is a derivative of the plasaid 
30 pSRCexie (66) in which the Eco RI sites proximal to the trp 
promoter and distal to the src gene have been removed by 
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repair with ONA polymerase I (67), and the self-complementary 
oligodeoxynucleotide AATTATGAATTCAT (synthesized by the 
phosphotriester method (68) was Inserted Into the remaining 
Eco RI site immediately adjacent to the Xba I site. 20 

5 micrograms of pdeltaRIsrc was digested to completion with £co 
RI, phenol and ether extracted, and ethanol precipitated. The 
plasmid was then digested with 100 units of nuclease SI at 
I6*C'for 30 minutes In 25 mM sodium acetate (pH 4.6), 1 raH 
ZnCl 2 and 0.3 H NaCl to create a blunt end with the sequence 

10 ATG. After phenol and ether extraction and ethanol* 
precipitation, the ON A was digested with Bam HI, 
electrophoresed on a S percent polyacryl amide gel, and the 
large (4300 bp) vector fragment recovered by electroelutlon. 
The expression plasmid was assembled by llgatlng together 

15 0.2 micrograms of vector, 0.02 micrograms of the 92 bp 
blunt-Pst I fragment and 0.25 micrograms of the 1400 bp 
partial Pst I - Bam HI fragment with 400 units of T4 OHA 
ligase overnight at 12'C, and used to transform E. coVi strain 
294 (ATCC No. 31446) to am P 1 C 1ll1n resistance. Plasmid ONA 

20 was prepared from 96 of the colonies and digested wit Xba t 
and Pst I. Nineteen of these plasmlds contained the desired 
103 base-pair Xbal-Pstt and 1050 base-pair Pst I fragments. 
OflA sequence analysis verified that several of these plasmlds 
had an ATG initiation codon correctly placed at the start of 

25 the bovine Interferon coding region. One of these plasmlds, 
pBo!FN-altrp55 was chosen for further study. 

I. Direct Expression of a Second Class of Mature Bovine 
Leukocyte Interferon ( a -4) In E. coJM 
30 An ATG initiation codon was placed in front of the mature 

coding region by the enrymatic extension of a synthetic ONA 
primer, CATGTGTGACTTGTCT. The heptadecamer was phosphorylated 
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with 14 polynucleotide kinase and t-32P ATP as previously 
described (12). 250 pmoles of the primer was combined with 
approximately 1 microgram of a 319 bp Hindi fragment 
containing amino acid residues S20 to 102 1n 30 microliters of 

5 H 2 G, boiled for 5 min, and extended with 25 units of E. col i 
DHA polymerase I Kl enow fragment at 37*C for 3 hours. The 
product of this reaction was digested with HglAl and the 
resulting 181 bp blunt-HglAI fragment was isolated from a 6 
percent polyacryl amide gel. 

10 The entire gene for the mature peptide was assembled 

behind the trp promoter by enzymatlcally Ugatlng the above 
fragment with a 508 bp HglA-PstI fragment containing the 
carboxy-termlnal portion of the peptide and the HuIFN-t 
expression plasmid, pIFN-ttrp48-13 (55} t which had been 

15 digested with EcoRI, extended to flush ends with Klenow DMA 
polymerase, digested with PstI and finally Isolated on a 6 
percent pol yacryl amide gel. Upon transformation of resulting 
mixture into E. col \ 294, several clones were identified which 
had restored the EcoRI recognition site between the trp 

20 promo ter-ri bosome binding site region of the parent expression 
vector and the complete coding region of the mature bovine IFH 
(pBoIFN- a 4trpl5) . 

J. Subcloning of the Bovine Fibroblast Interferon Genes 
25 Six of the phage recombinants which hybridized with the 

human IFn-b OKA probe were purified and their 0NA Isolated as 
described above for further analysis. Restriction mapping 
combined with Southern hybridization analysis indicated that 
the six isolates comprised three distinct regions of the 
30 bovine genome, thus implying a multigene B0IFN-3 family. 

These results are summarized by the restriction maps shown In 
Figure 7. To obtain a more detailed restriction map and 
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nucleotide sequence for each distinct class of recombinant, 
hybridizing fragments were subcloned into plasmid vectors/ 
Specifically, the 5kb Bglll fragment of phage isl and the 5 kb 
QamHl fragment of phage xa2 were Individually cloned into 
5 p3R322. at the 3amHI site, the overlapping 4.5 kb EcoRI-Xhot 
and 1.4 kb Pstl-Hpal fragment of phage xs3 were inserted into 
PUC9 (deleted from the EcoRl-Sall sites) and pLeIF87 (10) 
(deleted from Hpal-PstI), respectively. 

10 K. OH A Sequences of Three Distinct Bovine Fibroblast IFH 

Genes 

Figure 3 shows restriction maps for each of the three 
types of bovine IFN-b genes that were subcloned. These are 
easily distinguished by the presence of cleavage sites unique 

15 to each. The peptide coding regions as well as sequences 
immediately upstream and downstream for each gene was was 
determined by the Maxam-Gi lbert chemical procedure and are 
shown in Figures 9a, 9b and 9c. Nucleotide homology with the 
sequence determined for the human fibroblast interferon gene 

20 (12) predicts the correct reading frame and entire amino acid 
sequence for each bovine gene product, which includes a 
hydrophobic signal peptide of 21 amino adds followed by a 
mature protein of 185 residues. The bovine proteins are quite 
distinct from one another (Table 2, Figure 10), but show an 

25 even greater difference (approximately 60 percent) with the 
human peptide. 

The multigene nature of bovine fibroblast Interferon was 
further demonstrated by rehybrid « zing the Southern blot shown 
1n Figure 11, with a. radioactive probe prepared from a 415 bp 
30 EcoRI-Pvui fragment derived from pBoIFN-eltrp (described 
below). As seen in Figure 11, this experiment provides 
evidence for the existence of additional, homologous IFN-a 



02231 



0088522 



-34- 

genes. The lesser hybridizing bands may in fact represent 
more distantly related genes, that would tn turn encode more 
distinct e-IFNs.' 

5 Table 2 



Pairwise Comparisons of Homology in Coding Sequences of Bovine 
IFN-bs and the Human IFN-B. 



10 





al 




B2 


63 


Hub 


Bl 






138 (83) 


138 (83) 


84 (51) 


82 


20 


(95) 




146 (88) 


92 (55) 


63 


20 


(95) 


19 (90) 




87 (52) 


Hub 


16 


(76) 


17 (81) 


16 .(76) 





The number of identical amino acids in each pair of coding 
sequences are shown. The 21 amino add signal peptide are 
15 compared In the lower left part and the 165 amino add mature 
IFN-bs are compared 1n the upper right part of the table. The 
total number of identical amino acids in each pair 1s listed 
first, followed by the percentage homology. 

L. Direct Expression of Three 8ovine IFN-bs in Z. coli 
20 As the three bovine IFN-b genes share many common ONA 

sequences and restriction sites (see Figure 8), a general 
scheme is feasible for the expression of all three genes. 
Since the DMA sequence coding for the first five amino acids, 
which contains two Alul sites, was Identical in each case, two 
25 complementary'synthetic oligonucleotides were designed which . 
Incorporate an ATG tr ansl atlonal initiation codon, restore the 
codons for the first 4 amino adds of mature bovine IFN-b, and 
create an EcoRI sticky for Insertion after a trp promoter 
■ sequence. Construction of the expression plasqids Is 
30 schematized in Figure 12. Ligation of the synthetic oligomers 
to the 85 bp Alul-Xhol fragment derived from of the BotFH-B 
subclone plasmids, followed by digestion with EcoRl and Xhoi 
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"OS- 
generates a 104 bp fragment flanked by EcoRI and Xhol sticky 
ends. The entire coding was then assembled Into the trp 
expression vector by ligatlng the 104 bp fragment together 
with the approximately 700 bp Xhol-Pst fragment coding for the 

5 remainder of each BoIFN-e protein and the plasmld 

pt?fl- Y tr48-13(55) from which the Internal EcoRI-Pstl fragment 
had been removed. The resulting ptasmtds, p8oIFN-flitrp, 
pBolFN-a2trp and P BoIFN-e3trp all place the proper 
transcription and translation of the IFN-b genes under the 

10 control of the E. col i trp operon. 

H. Characterization and Subcloning of Bovine Immune 
Interferon (BoIFN- T ) Gene 

The ten phage recombinants that hybridized with the human 
15 IFN- t probe were purified and DNA was prepared as described 
above. All ten DNA samples give specific hybridizing bands by 
Southern blot analysis. Clones x T 4 and x t 7 were chosen for 
further analysis, as they have distinct hybridizing band 
patterns. Restriction mapping of these two clones shows their 
20 DNA sequences overlap with each other. The overlapping region 
contains the restriction sites Xbal, EcoRV, and Ncol. DNA 
•sequence analysis of these two clones shows an overall similar 
gene structure to the human immune interferon gene (70) and 
■ that x T 7 contains the sequence coding for the 4th exon and x Y 4 
25 contains sequences coding for the first three exons of bovine 
IFN-t gene based on ONA sequence homology with the human IFN- T 
gene. The amino acid sequence deduced for BoIFN-y is compared 
with that of Hul FN- Y (55) and Murine IFN- Y . In Figure 13. 
To assemble the entire bovine IFN- Y gene on a continuous 
30 segment of OH A, the 3000 bp BamHl-Ncot fragment spanning the 
first three exons of bovine IFN- Y gene derived from x Y 4 and 
the 2500 bp Ncol-Hind III fragment spanning the last exon 
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derivcd from x T 7 were Isolated. These two ONA fragments were 
then cloned into a BaraHI-Hind III vector derived from pBR322 
via a three part ligation. 

5 n. Expression of Bovine IFN-? Gene in Mammalian System 

For purposes of obtaining an intron-less version of 
BoIfH-Y in order that this gene is expressible in a 
prokaryotic system such as E. coli , the gene was tailored for 
high level expression in an animal cell expression system to 
10 obtain significant quantities of specific mRNA. The 5500 bp 
BamHI-Hindlll fragment spanning the entire bovine IFN-t gene 
was inserted into a SV40 vector for expression in COS cells 
(44). Specifically, the BaraHI-Hi ndl It bovine IFN-t gene 
fragment was cloned into a 2800 bp SY40 plasmid vector pDlaRl 
15 ((derived from the HBV antigen-expression plasmid pHBs348-L by 
enzyraatically deleting the EcoRI site upstream from the SY40 
origin of replication selective to the direction of late 
transcription. Expression plasmid pH8s348-L was constructed 
by cloning the 1986 base-pair fragment resulting from EcoRI 
20 and Bglll digestion of HBV (71) (which spans the gene encoding 
HBsAg) into the plasmid pML (72) at the EcoRI and BamHl 
sites. ( pML is a derivative of pBR322 Which has a deletion 
eliminating sequences which are inhibitory to plasmid 
replication in monkey cells (72)). The resulting plasmid 
25 (pRI-Bgl) was then linearized with EcoRI , and the 348 

base-pair fragment representing the SV40 origin region was 
introduced into the EcoRI site of pRI-Bgl. The origin 
fragment can insert in either orientation. Since this 
fragment encodes both the early and late SV40 promoters in 
30 addition to the origin of replication, HBV genes could be 
expressed under the control of either promoter depending on 
this orientation (pHBs348-l representing HBs expressed under 
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control of the lata promoter)) between the BamHl and the Sal I 
site via a three part ligation in the presence of a 600 bp 
Hindltt-SaU- converter fragment derived form p8R322. 
Transfection of the resultant plasmid into COS cells leads to 

5 the efficient expression of bovine IFN-y under the control of 
SV40 late promotor. 

Poly A plus mRNA was prepared from transfected COS cells 
and used in turn to prepare cONA by standard procedures (55). 
cDHA clones hybridizing with bovine IFN-r gene probe were 

10 isolated. The cOHA clone with the longest Pst ! insert was 
chosen for further analysis. DNA sequence analysis of this 
cO?iA clone shows all the intron sequences predicted from the 
bovine IrN- T genomic clone are correctly "removed . 

The cOriA was tailored for expression in t. coli by the 

15 primer repair method described above. 

O. Preparation of Bacterial Extracts 

Overnight cultures grown in LB broth containing eithe 0.02 
mg/ml of ampicillin or 0.005 tng/ml tetracycline were 

20 Innoculated at a 1:100 dilution into 50 ml of M9 medium (63) 
containing 0.2 percent glucose, 0.5 percent casamino acids and 
the appropriate drug, and grown at 37'C with shaking to an 
A550.1.O. Ten ml samples were harvested by cen trif ugation and 
immediately quick-frozen in a dry ice-ethanol bath. The frozen 

25 pellets were resuspended in 1 ml of 7H guanidine, incubated on 
ice for 5 minutes, and diluted into PBS for assay. 
Alternatively, the frozen pellets were lysed by the addition 
of 0.2 ml of 20 percent sucrose, 100 mM Trls-HCI (pH 8.0), 20 
mM EOTA and 5 mg/ml lysozyme. After 20 minutes on ice, 0.8 ml 

30 of 0.3 percent Triton X-100, 0.15 M Trls-HCI (pH 8.0), 0.2 H 
EOTA and 0.1 o« PMSF was added. The lysate was cleared by 
centrifugation at 19,000 rpm for 15 minutes and the 
supernatant assayed after dilution into PBS. 
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P. Interferon Assays 

Bovine interferon activity was assayed by a cytopathlc 
effect (CPE) inhibition assay performed In 96 well microtiter 
plates as follows: 

1. Add to each well of a 96 well microliter plate (3 
rows x 12 columns) 100 ul of a suspension of cells in 
media containing 10 percent fetal calf serum. Cell 
concentration is adjusted to give confluent monolayer 

.0 the next day. 

2. Rock plates gently on a rocker platform for 10 
minutes to evenly distribute cells. 

Next Day - 

3. Add to each well in the first column 80 ul of 
15 additional media. 

a. Add to a well in the first column, 20 vl of a sample 
to be assayed for interferon activity. 

5. Mix the sample and medium in the well by withdrawing 
and ejecting 100 ul of the contents of the well 

20 several times with a 100 vl pipette. 

6. Transfer 100 v l of the contents of a well in the 
first column horizontally to a well in second column. 

7. Mix as In step 3. 

8. Continue to transfer 100 vl of the contents of a well 
25 from column to subsequent column until a total of 11 

transfers are performed. 

9. Remove and discard 100 v 1 of the contents of the well 
In the 12th column. This procedure produces a serial 
set of two-fold dilutions. 

30 lo. Each assay plate Includes approprlte NIH standards. 
II. Incubate plates in a C0 2 incubation, 37'C for 24 
hours. 



0223L 



f 

0088522 



-39- 



10 



25 



30 



12, 



13. 



Each assay plate contains wells which receive 100 u l 
of cell suspension and 100 M l of medium to serve as 
cell growth controls and wells which receive 100 ul 
cell suspension, 100 ul of medium and 50 u l of virus 
suspension to serve as virus-Induced cytopathogen i c . 
control s. 

Challenge all wells except cell controls with 50 u l 
of a virus suspension. Multiplicity of infection 
used is that amount of virus which causes 100 percent 
cytopathic effect on the particular cell line within 
24 hours. 

14. Reincubate plates for 24 hours at 37*C in C0 2 
incubation. 

15. Remove fluid from plates and stain cells with 0.5 

15 percent crystal violet. Allow cells to stain for 2-5 

minutes. 

Rinse plate well in tap water and allow to dry. 
Titer of Interferon on sample 1s the reciprocal of 
the dilution where 50 percent viable cells remain. 
The activity of all samples are normalized by the 
Reference Units Conversion FActor which 1s calculated 
from: 



16. 
17. 

20 18. 



Actual Tit er of N I H Standard Reference Units 
Ooserved Titer in Assay - Conversion Factor. 

(See 69). Extracts prepared from E. coll strain 294 (ATCC No. 
31446) transformed with pBoIFN-al trp55 showed significant 
activity on a bovine kidney cell line (M00K) challenged with VS 
virus (Indiana strain), but not on monkey kidney (VERO), human 
cervical carcinoma (Hela), rabbit kidney (Rk-13) or mouse 
(1-929) cell lines challenged in a similar fashion. Control 
extracts prepared from strain 294 transformed with pBR322 did 
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not exhibit activity on HOBX cells, fable 3 summarizes the 
iji vitro antiviral activity BoIFN-al on various challenged 
animal and human cell lines. BoIFN-al is readily distinguished 
from the human leukocyte IFN's by an apparent lack of antiviral 

5 activity on human cells relative to its activity on bovine 

cells employing VS virus as the challenge. Table 4 shows the . 
level of Interferon activity obtained in extracts prepared from 
E. col i ^3110 which has been transformed with the expression 
plasmids pBo IFN-a4trpl 5 » pBolFN-Bl trp , pBolFN-s2trp and 

10 p3oIFH-s3 trp. Particularly significant is the observation that 
the bovine fibroblast interferons are approximately 30-fold 
more active on a bovine kidney cell line than on a human amnion 
cell line, whereas the reciprocal relationship is found for 
human fibroblast IFN (12). 
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Table 3 








Cell Line 


IFN Preparation 


Titer 
(units/nl ) 


IHCV" 


5 


H03K 


LeIF A Standard 
Bovine leukocyte IFH 
Control Extract 


640 
300,000 
<40 


NA 
HA 
NA 




HeLa 


LeIF A Standard 
Bovine leukocyte IFH 
Control Extract 


650 
<40 
<40 


1500 
<23 
<2 3 




. L-929 


Mouse IFN Standard 
Bovine leukocyte I FN 
Control Extract 


640 
<2 0 
<20 


1000 
<31 
<3l 


10 


RK-13 


Rabbit IFN Standard 
Bovine leukocyte IFH 
Control Extract 


1000 
<60 
<60 


HA 
NA 
NA 




VERO 


LeIF A Standard 
8ovine leukocyte IFN 
Control Extract 




1500 
<12 
<12 



♦ MOBK « bovine kidney cells 

VERO » African Green monkey kidney cells 
13 HeLa = human cervical carcinoma cells 
RX-13 » rabbit kidney cells 



NA - not^applicable as virus does not replicate well in respective 



Table 4 . 

20 


Interferon Activity in Extracts of E. coTJ 


E . col i 294 
transTormed by: 


IPN-b activity 
(units/1 iter culture) 
HDBK-VSY 


iN-B activity 
(units/liter culture) 
VISH-YSV 


pIFM-ol 


1 .0x108 


H .0 . 


pIFN-sl 


2 .2x103 


6 .5x10* 


25 pIFN-62 


1 .1x10* 


3 .5xl0 6 


pIFH-fl3 


6 .0x108 


2 .0x10? 



Bacterial extracts were prepared and assayed for interferon activity 
using the bovine kidney MOBK cell line and the human amnion WISH cell 
line and VSV as challenge according to a published procedure (Heck 
e t al., 1981 ) . 
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Pharmaceutical Compositions 

The compounds of the present Invention can be formulated 
according to known methods to prepare pharmaceutical^ useful 
compositions, whereby the animal Interferon products hereof 
are combined in admixture with (an) acceptable carrier 
vehicle(s). Suitable vehicles and their formulation have been 
described. Such compositions will contain an effective amount 
of the interferon protein hereof together with a suitable 
amount of vehicle in order to prepare acceptable compositions 
suitable for effective administration, via known routes, e.g. 
parenteral, to the host. 

It will be understood that the animal interferons embraced 
herein exist with natural allelic variations. These 
variations may be demonstrated by (an) amino add 
difference(s) in the overall sequence or by deletions., 
substitutions, insertions. Inversions or additions of (an) 
amino acld(s) in said sequence. All such allelic variations 
are included within the scope of this Invention. 

Notwithstanding that reference has been made to particular 
preferred embodiments, it will be further understood that the 
present invention is not to be construed as limited to such, 
rather to the lawful scope of the appended claims. 
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Claims : 

1. A composition of natter consisting essentially of a 
polypeptide comprising the amino acid sequence of an 
animal Interferon. 

2. The polypeptide according to Claim 1, unaccompanied by . 
associated native glycosylation. 

3. The polypeptide according to Claim 1 in nature form. 

4. The polypeptide according to Claim 1, containing the amino 
acid methionine attached to the R-terminus of the 
ordinarily first amino acid of said interferon, 

5. The polypeptide according to Claim 1, containing a 
cleavable conjugate or signal protein attached to the 
H-terminus of the ordinarily first amino acid of said 
interferon. 

6. As a polypeptide according to any one of Claims 1 to 5, 
mature bovine leukocyte interferon. 

7. A OKA sequence comprising a sequence encoding a 
polypeptide according to any one of Claims 3 to 5. 

a. The ONA sequence according to Claim 7 operably linked wit 
a second ONA sequence capable of effecting expression 
thereof. 
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9. A replicable expression vehicle capable. In a transformant 
microorganism or cell culture, of expressing the ONA 
sequence according to Claim 8. 

10. A microorganism or cell culture transformed with the 
vehicle according to Claim 9. 

11. A microorganism according to Claim 10, obtained by 
transforming an E. coll strain, 

12. Plasmid pBo IFN-a 1-trp 55. 

13. A microorganism or cell culture transformed with the 
plasmid according to Claim 12. 

14. A culture of transformant cells capable of producing 
animal interferon in mature form. 

15. The use of an animal interferon according to any one of 
Claims 1 to 5 for antitumor, antiviral or immuno- 
suppression treatment or for preparing compositions useful 
for such treatment. 

16. A process which comprises expressing a gene encoding 
animal interferon in mature form In a microorganism or 
cell culture. 

17. A process which comprises producing a polypeptide 
according to any one of Claims 1 to 5 in a microorganism 
or cell culture. 



02231 



0088.522 



-48- 



18. A process for producing a polypeptide according to any one 
of Claims 1 to 5 comprising causing a culture of a 
cncrorganism or cell culture, transformed with a 
replicable expression vehicle, to grow and effect 
production of said polypeptide and recovering said 
polypeptide. 

19. A process for producing an expression vehicle according to 
Claim 9 comprising constructing a first ONA sequence 
coding for said polypeptide and operably linking said 
first ONA sequence with a second DHA sequence capable of 
effecting expression of said first ONA sequence. 

20. A composition of matter comprising mature bovine 

interferon essentially free of other proteins of bovine 
origin. 
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GGATCCACAGCATAAATGTGTTGTCACAATTTCACG5 

57 107 

ATGCTGTCCTMCCCATTTGAAGAGTACA^TGAAAAACA^ 

157 207 

SI $10 

WGGTCTTCAGAGAACCTAGAMSCAGGTTCACA^ ~S GCC CW GCC TGG TCC CTC CTC CTG GCT 

250 307 

t , , , S20 S23 1 io 

cS ctg CTfi rTr IS 8? tie air lit S? X JS 25 !5 !S P° HIS 2R HIS 2R LEU AlA LYS ARG VAL ^ m LEU 
CTG CTG CTG CTC AGC TGC AAC GCC ATC TGC TCT CTG GGC TGC CAC CTG CCT CAC TCC CAC AGC CTG GCC AAG AGG AGA 6TC CTG ACA CTC 
350 

20 30 40 

rfr X? ?K rB XI 5f St 5 £52 J? ? R CYS LEU aN WP «H ASP PHE ALA PHE PRO GIN GLU ALA LEU aY GLY $£R aN 
CTG CGA CAA CTG AGS AGG GTC TCC CCT TCC TCC TGC CTG CAG GAC AGA AAT GAC TTC GCA TTC CCC CAG GAG GCG CTG 6GT GGC AGC CAG 

50 60 70 

S St? iS J~ S LN ^ ILE VAL LEU HIS SLU VAL m «■» HI S THR PHE GLN LEU PHE SER THR GLU GLY SER ALA ALA VAL TRP 

<» 6 MS «T "A GCC ATC TCT GTA CTC CAC GAG 6TG ACC CAA CAC ACC TTC CAG CTT TTC AGC ACA GAG GGC TCG GCC GCT GTG TGG 
550 607 

80 90 ioo 

UT GAG «C C?C eg Sr iS rrr JS IS £i S IS ft! S! !S ™ ^ LEU « ALA CYS LEU «« SLN aU GLU GLY LEU PRO 
GAT 6A6 AGC CTC CTG GAC AAG CTC CGC ACT GCA CTG GAT CAG CAG CTC ACT GAC CTG CAA GCC TGT CTG AGG CAG GAG GAG GGG CTG CCA 

6S * 707 

110 120 130 

St! !ii PR0 LEU LEU LYS GLU *&9 SER SER LEU ALA VAL ARG LYS TYR PHE HIS ARG LEU TW LEU TYR LEU GLN GLU LYS AUG HK «cp 
GGG GCT CCC CTG CTC AAG GAG GAC TCC AGC CTG GCT GTG AGG AAA TAC TTC CAC AGA CTC ACT CTC TAT CTG CM GAG WG A^ CAC AGC 

757 

WO iso 
PRO CYS ALA TRP GLU VAL VAL ARB ALA 6LN VAL tET ARG ALA PHE SER SER SER THR ASM LEU GLN GLU arg PHE nr. urivt m S U? 
CCTTGT GCC TGG GAG GTT GTC AGA GCA CAA GTC ATG AGA GCC TTC TCT TCC TCA ACA AAC TTG CAG GAG AGA TTC AGG AGA AAG GAC T6A 
ouu 857 

CACACACCTGGTTCAACACGGAAATGAnCTCACGGACCAACAGACW 

900 957 100 7 

AAATBATTTCAGGTATAnATGTGACATCATGATCTACTCTACWGCACTACTCTGTCCCAGATAC 

1057 1107 

TAmAmATCTATATATAAAOMnAAAm 

1150 1200 

CT^TATAAAAATCTTCCmGTTmCTTTAAAAAAGAAACATG^ 

130 ^ 1357 

CAMTGG6GATTnGGGGGGATTTTCTGACCGGAACnGGAAGCG^ 

1407 1457J 
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GAAAAAAATATCTAAAA6GCTCTGTG66CA6AAGAAA6AAGAGCAACAT6AAAAAAAAAATGATTGGGTAGTGCA6CCC 

TAACCCACTGGAGAGTGCAAACTGAAMGCAAAMCAAAAGTAGAAMTAAGAGGGAACTTTCACAAAGTGGAAACCAT 

GGGCTCCTATnAAGACACAGGCCTGMGGMGGTCTTCAGAGAATCTAGAGAGCA6GTTCACAGAGTCACCCACTGCC 

SI SIO 
met ala pro ala trp ser phe leu leu ala leu leu 
CCAGGGCAGAAGCATCTGCAAGGTCCCCG ATG GCC CCA GCC TGG TCC TTC CTC CTG GCC CTG CTG 

S20 S23 1 

leu leu ser cys asn ala He cys ser leu gly cys his leu pro his thr his ser leu 
CTG CTC AGC TGC AAC GCC ATC TGC TCT TTG GGT TGC CAC CTG CCT CAC ACC CAC AGC CTG 

10 20 

pro asn arg arg val leu thr leu leu arg gin leu arg arg val ser pro ser ser cys 
CCC AAC AGG AGG GTC CTG ACA CTC CTG CGA CAA CTG AGG AGG GTC TCC CCT TCC TCC TGC 

30 40 

leu gin asp arg asn asp phe ala phe pro gin glu ala leu gly gly ser gin leu gin 
CTG CAG GAC AGA AAT GAC TTT GCA TTC CCC CAG GAG GCG CTG GGT GGC AGC CAG TTG CAG 

50 60 

lys ala gin ala ile ser val leu his glu val thr gin his thr phe gin leu phe ser 
AAG GCT CAA GCC ATC TCT GTG CTC CAC GAG GTG ACC CAG CAC ACC TTC CAG CTC TTC AGC 

70 80 

thr glu gly ser ala ala val trp asp gin ser leu leu asp lys leu arg ala ala leu 
ACA GAG GGC TCG GCC GCT GTG TGG GAC CAG AGC CTC CTG GAC AAG CTC CGA GCT GCA CTG 

90 100 

asp gin gin leu thr asp leu gin ala cys leu arg gin glu glu gly leu arg gly ala 
GAT CAG CAG CTC ACT GAC CTG CAA GCC TGT CTG AGG CAG GAG GAG GGG CTG CGA GGG GCT 

110 120 

pro leu leu lys glu asp ala ser leu ala val arg lys tyr phe his arg leu thr leu 
CCC CTG CTC AAG GAG GAT GCC AGC CTG GCT GTG AGG AAA TAC TTC CAC AGA CTC ACT CTC 

130 140 

tyr leu gin glu lys arg his ser pro cys ala trp glu val val arg ala glu val met 
TAT CTG CAA GAG AAG AGA CAC AGC CCT TGT GCC TGG GAG GTT GTC AGA GCA GAA GTC ATG 

150 160 166. 

arg ala phe ser ser ser thr asn leu gin glu lys phe arg arg lys asp OP 

AGA GCC TTC TCT TCT TCA ACA AAC TTG CAG GAG AAA TTC AGG AGA AAG GAC TGA CACACA 

CCTGGTTCMCACGGAAATGATTCTCATGGACCAACAGACCACACTTCCTCCTGCACTGCCATGTGGAAGACTCTCAT 

nCTGCTGTCAnGCACCCT6AAATGMTCAATATGTCAMTGAnTCTGGMTAnAAGTAACATCATGTTCTACTC 

TATAGGCAAMCAGAT6CCGAAGCTCATCTAtCTACATATnAACTAC^ 

ATTTAACTATnATAMTATTTAMnATTnGnGA^ 

TGTATnAGTCAGTTOTGATTTnCnCCT^ 

CAGAGCCACCMGCCTGMTGGCAGCnGAnAAAAAnGCATT^ 

&nAGMGTAAAAATACTCTAGCTCTAGCTATGTTTTC 

TGCTTTTTGTAACTCTGAnTTTTTnCAAA 

GATTTGATGAATTC 



Fig. 3b 
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5/2D 



BoIFN-si3 



GGATCCACAGCATAAATGTGHGTC^ 

AATA6GGGAAGGGGGGTCAATAATGAAAACMCGTnGCAAAATGCTGTCCTAAACCCATTTGGAGAGTGCAAAATGAA 
AAACAAAAACAAAAGTAGAAAGCAAGAGGGAACTnCAGAAAAT 

AAGGAAGGTCTTCAGAGAACCTAGAMGCAGGTTCACAGAGTCACCCACCTCCCCAGGCCACAAGCATCTGCAAGGTCC 

SI SIO 
met ala pro ala trp ser leu leu leu ala leu leu leu leu ser cys asn ala ile 
CCA ATG GCC CCA GCC TGG TCC TTA CTG CTG GCC CTG CTG CTG CTC AGC TGC AAT GCC ATC 

S20 S23 1 10 

cys ser leu gly cys his leu pro his thr his ile leu ala asn arg arg val leu met 
TGC TCT CTG GGC TGC CAC CTG CCT CAC ACC CAC ATC CTG GCC AAC AGG AGG GTC CTG ATG 

20 30 
leu leu gly gin leu arg arg val ser pro ser ser cys leu gin asp arg asn asp phe 
CTC CTG GGA CAA CTG AGG AGG GTC TCC CCT TCC TCC TGC CTG CAG GAC AGA AAT GAC TTT 

40 50 
ala phe pro gin glu ala leu gly gly ser gin leu gin lys ala gin ala ile ser val 
GCA TTC CCC CAG GAG GCG CTG GGT GGC AGC CAG TTG CAG AAG GCT CAA GCC ATC TCT GTG 

60 70 
leu his glu val thr gin his thr phe gin leu phe ser thr glu gly ser ala thr met 
CTC CAC GAG GTG ACC CAG CAC ACC TTC CAG CTT TTC AGC ACA GAG GGC TCG GCC ACC ATG 

80 90 
trp asp glu ser leu leu asp lys leu arg asp ala leu asp gin gin leu thr asp leu 
TGG GAT GAG AGC CTC CTG GAC AAG CTC CGC GAT 6CA CTG GAT CAG CAG CTC ACT GAC CTG 

100 110 
gin phe cys leu arg gin glu glu glu leu gin gly ala pro leu leu lys glu asp ser 
CAA TTC TGT CTG AGG CAG GAG GAG GAG CTG CAA GGA GCT CCC CTG CTC AAG GAG GAC TCC 

120 130 
ser leu ala val arg lys tyr phe his arg leu thr leu tyr leu gin glu lys arg his 
AGC CTG GCT GTG AGG AAA TAC TTC CAC AGA CTC ACT CTC TAT CTG CAA GAG AAG AGA CAC 

140 150 
ser pro cys ala trp glu val val arg ala gin val met arg ala phe ser ser ser thr 
AGC CCT TGT GCC TGG GAG GTT GTC AGA GCA CAA GTC ATG AGA GCC TTC TCT TCC TCA ACA 

160 166 
asn leu gin glu ser phe arg arg lys asp OP 

AAC TTG CAG GAG AGT TTC AGG AGA AAG GAC TGA CACACACCTGGTTCAACACGGAAATGATTCTCATGG 
ACCAACAGACCACACnCCTCCTGCGCTGCCATGTGGAAGAnCATTTCTGCTGTCATCAGGCACTGAACTGAATCAA 
TnGnAMTGATTTCAGGTATATTAAGCGACATCATGATCTACTCTACAGGCACTACTCTGTCCCGGATACTCAAGC 
TAATCCATCTACTTATTTATCTATnGGATATTTA^ 

ATTAmTGnCATATAATTATGTATGTATACnAAGGGAAAMTATATmGTAmAGTCAAmATGAGmTCT 
TCAnCAnAMCCnACTATAAAAATCnCCTTTGTTT^ 
GAnAMGMTGCATmACMHCCnCACCCATGm 
G6ACTTGGAAGCGACGAACCTGAAAGAAGGACGGACAGTCTCTTGCAAGGACTGAC 



Fig.3c 
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BoIFN-*4 



6/20 



TCTAGAAGGAAAAGAMCATG66AGGAGCTCATG6ACTCACAATAATCASCCTCTTCTCTAAATCAAACACTCAAGAAA 

ACCCATCCmGmCAAACAGmcmGCTASAGTGACCTSGTAAATGCCT6ATAAAC« 

GTAMGTAAGAAACAGAAATMGCCTAGGATCAGGGCCAAAMTGTGnCATGAACAGAAAAGAGCCACAT^ 

6MGAGAAMGTGATATGTTTGTACnAGAAACCTACATCATTTCTMTSTAA6ACAAA6ACCTnC 

TAMTATCCATTTGGATG6GTACATnGMGnAnGGGAAATAGATAAAAGTAATAGTTTAG 

nGACCATATTCGGAATACATAAATGAAAATCAAAAAAGGAAGTACAAGTACACAGAAATGACTAGAAAATGAAAATTA 

CTGTGnCCCTATnAAT66CCnGCnAGAAA6CAT6GCATCA6AGAACCTACCTCAAGGTTCCACCAGACGCTGTCT 

SI SIO 
met ala phe val leu ser leu leu met ala leu val 
CAGCCAGCCCA6CAGCAGCCTCATCTTCCCC ATG GCC TTC GTG CTC TCT CTA CTG ATG GCC CTG GTG 

S20 S23 1 

leu val ser tyr gly pro gly gly ser leu gly cys asp leu ser pro asn his val leu 
CTG GTC AGC TAT GGC CCG GGA GGA TCC CTG GGC T6T GAC TTG TCT CCG AAC CAC GTG CTG 

10 20 

val gly arg gin asn leu arg leu leu gly gin met arg arg leu ser pro arg phe cys 
Gn GGC AGG CAG AAC CTC AGG CTC CTG GGC CAA ATG AGG AGA CTC TCC CCT CGC TTC TGT 

30 40 

leu qln asp arg lys asp phe ala phe pro gin glu met val glu val ser gin phe gin 
CTG CAG GAC AGA AAA GAC TTT GCT TTC CCC CAG GAG ATG GTG GAG GTC AGC CAG TTC CAG 

50 60 

glu ala gin ala lie ser val leu his glu met leu gin gin ser phe asn leu phe his 
GAG GCC CAG GCC ATT TCT GTG CTC CAT GAG ATG CTC CAG. CAG AGC TTC AAC CTC TTC CAC 



70 80 

lys glu arg ser ser ala ala trp asp thr thr leu leu glu gin leu leu thr gly leu 
AAA GAG CGC TCC TCT GCT GCC TGG GAC ACT ACC CTC CTG GAG CAG CTC CTC ACT GGA CTC 



90 100 

his gin gin leu asp asp leu asp ala cys leu gly leu leu thr gly glu glu asp ser 
CAT CAG CAG CTG GAT GAC CTG GAT GCC TGT CTG GGC CTG TTG ACT GGA GAG GAA GAC TCT 

110 , 120 

ala .leu gly arg tin- gly pro thr leu ala met lys arg tyr phe gin gly ile his val 
GCC CTG GGA AGG ACG GGC CCC ACA CTG GCC ATG AAG AGG TAC TTC CAG GGC ATC CAT GTC 



130 140 

tyr leu gin glu lys gly tyr ser asp cys ala trp glu 1le val arg leu glu ile met 
TAC CTG CAA GAG AAG GGA TAC AGC GAC TGT GCC TGG GAA ATC GTC AGA CTG GAA ATC ATG 



150 160 

arg ser leu ser ser ser thr ser leu gin glu arg leu arg met met asp gly asp leu 
AGA TCC TTG TCT TCA TCA ACC AGC TTG CAA GAA AGG TTA AGA ATG ATG GAT GGA GAC CTG 

170 172 
lys ser pro OP 

AAA TCA CCT TGA CATGACTCTCACTGACTAAGATGCCCCATCATCTTTGCACACTCATCTGTGGCCATTTCAAAA 

GACTCTGATTTCTGTT6TA6CCACAAAATnATTGAAn 

TAAATTTTTTTGGCT6CA6GT6CATCAGTCCCGAAGT 

ATAmAnCTmAmCCTCATAmATTm^ 

TACAnAACArrTTTATTTWnATATTTGTAATTrG 

TTTTAC(^TTTTATGTnA6TTGCCAGGTAAAGTCTGATTCTTrr 

CTGTCCATGGGATGATCAGGCAAGACTACTGGAGTATGnGCWTUACAGGGGATCTCCDWCCAAGGATGAAATC 



Fig. 3d 
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C088622 

AGTTTTAGAGGGCAACTAATAATnAATGACATGGAAAAATGAAAGCGAG^ 

GAAAGATGAGGGCCATGCTGTATAAGTA6CCCACACTAAGGACGAGGACATTCACTCTCCAAACCCTTGAAGACTCAGC 

met thr tyr arg cys leu leu qln 
TTCASCKCTACTA8CA6MCAG6TAGCCCT6T6CCTGATTTCATC »T S ACC TAC « TGC CTC CTC « 

a a a a a s ffi s e s a §'s a £ a s a a a 

20 

a a a a a s a a a a a a s a a » s ™ 5 5 " 

40 

a a a s a us a a a s ft as a a & a a a « « 
a a s a is a a a a a a s a a a a a a a a 

80 

a a a £ a s a s s a a s s a a a a a a a 
a a a a a s a a s a a a s a a a a a a a 

l1n 120 

a a a s s s a a s a a s a a a a a a s 

140 

a a a s a a s a a a se a s a s a a a a a 

160 165 

ffi S S S S S iS Sc K ffi A6A K E » S S CG? 22 5* « 
TCTCCCACCTGTGGCTCTGGGAAGGGACAATGTGACTTTGAGGTGAGACTCTTCACCCAGCAGAGGCTCTTGAAGTAA 

CTGACAATGCAATGCACTGGATTTCAATGGACAGnAAGACTAAGCTATTTTAAAnGATTTATGCAnATTTATnA 

■ TTTATTTAATGAGAMTAAATTATnATCAAMTnATTrMTGAGAMTAMTTATnA 

GGCAGmCAATCTCAACnGAnTATGTGACAACACATAnAAAAATTGCAGAGCACTTTGGAGACAnCAnGCAA 
AACAAGCCTGCAGAGTAGTAGAGTTTCTGGCCCTGCCTnGAGGCATTTAAAATACAAGGAAGCTGTTTGGAATGTCC 

AAGTTATATGCATGCTCTCCATGT 

Fig. 9a 



0088622 



BOIFN-B2 16120 



TTTTAGCAmAGCMnCACTGAAMmACAAAAACAmGAMnCTCCCAGACTGTATATCnTTTCCCCnAAT 
ACATATAAMTCMAMGCMGGAGCTAAAMGAAAMGAGTTnAGAGGTAACTMTCAACACAGGAGAACTAAAM 
GAAACTGGAAA6TGGGAAATTCCTCTCCAATAGAAAGAATGGAGGGCCATGCTGTATAAGTAGCCCACACTCAAGAAGG 
AAGGCCAnCACTCTGCAMCCCnGMGACTCAGCTTCAGCACCTACTAGCAGAACAGGCAGCCCTGTGCCTGATTTC 
SI SIO 

met thr his arg cys leu leu gin met val leu leu leu cys phe ser thr thr ala 
ATC ATG ACC CAC CGG TGC CTC CTC CAG ATG GTT CTC CTG CTG TGT TTC TCC ACC ACA GCT 

S20 1 10 

leu ser arg ser tyr ser leu leu arg phe gin gin arg arg ser leu glu leu cys gin 
CTT TCC AGG AGC TAC AGC TTG CTT CGA TTC CAA CAA AGG CGG AGC CTT GAG TTA TGT CAG 

20 30 
lys leu leu arg gin leu pro ser thr pro gin his cys leu glu ala lys met asp phe 
AAA CTC CTG AGG CAG TTA CCT TCA ACT CCT CAA CAT TGC CTC GAG GCC AAG ATG GAC TTC 

40 50 
arg met pro glu glu met lys gin ala gin gin phe arg lys glu asp ala ile leu val 
CGG ATG CCT GAG GAG ATG AAG CAA GCA CAG CAG TTC CGG AAG GAA GAT GCC ATA TTG GTC 

60 70 
ile tyr glu met leu gin gin ile phe asn ile leu thr arg asp phe ser ser thr gly 
ATC TAT GAG ATG CTC CAG CAG ATC TTC AAT ATT CTC ACC AGA GAC TTC TCC AGC ACT GGC 

80 90 
trp ser glu thr ile ile glu asp leu leu glu glu leu tyr glu gin met asn his leu 
TGG TCT GAG ACC ATC ATC GAG GAC CTC CTT GAG GAA CTC TAT GAG CAG ATG AAT CAT CTG 

100 110 
glu pro ile gin lys glu ile met gin lys gin asn ser thr met gly asp thr thr val 
GAG CCA ATC CAG AAG GAA ATA ATG CAG AAG CAA AAC TCC ACT ATG GGA GAC ACA ACC GTT 

120 130 
leu his leu arg lys tyr tyr phe asn leu val gin tyr leu lys ser lys glu tyr asn 
CTT CAC CTG AGG AAA TAT TAC TTC AAC CTC GTG CAG TAC CTA AAG TCC AAG GAG TAC AAC 

140 150 
arg cys ala trp thr val val arg val gin ile leu arg asn phe ser phe leu thr arg 
AGG TGT GCC TGG ACA GTC GTG CGA GTG CAA ATA CTC AGG AAT TTT TCT TTC CTG ACG AGA 

160 165 
leu thr gly tyr leu arg glu OP 

CTA ACA GGT TAC CTC CGT GAA TGA ACATCTCCCACCTGTGGCTCTGGGATTGACAATGTGACTTTGAGGTGA 

GACTCnCACCCAGTAGAGGCTCTTGMGTAACTGACMTGCMTGCMTGGACAGnAMTACTGTAAGCTATTTTT 

AAAnGATTTATGCATTAnTATnATTTAMCTTTT^^ 

CAGTTTTMTGTCAACTTGAnGATGTGACMCATATATTAAAMnGGCGAGCACCCTGGAGACATTTATTGCAAAA 



Fig. 9b 
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S10 520 



a s s a c a a b a a a a as s a a s s » £ 

is s !£ a s is a a a a fi a si s a a si a a is 

I a & a B S! ?5 S E ffi ffi £ £ a ft K S5 S ft K 

s s is lis a ss fi! a ?is a a ss is a a £ as a a a 
£ & s % sis a as a a? £ a s a a a s s is a a 

90 

s sis s lis It? sis s a a a lis a a & sis a » a a sis 
s lis sis as sis a a a a - a & - ;?l a a s s s s 

130 

sS a is ^ a a is a a a a « a «a « » « ™ a a 
I a s s ss a ss a a a a a a fi? a a a a a a 

160 165 n0 

K St Tc r c crc S gac tga acacctcccacctgtggctctgggaagggacaatgtgactttgagctgaga 

TGCTTCAGCCAGCAGAGGCTCTTAAA6TAACTGACAGTGCAATGCACGATTTCAATGAACAATAAAGACTAAGCTATT 
TnAMTTGATTTATGCGTTATTTCATTCAmAAACTTTTATGTGAGAAATAAAT 

'Fig. 9c 
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